Introduction
Leaf samples were taken for analysis, from the entire group of French prune trees starved for various elements (2) , at three dates during 1930, the second year of starvation. The first collections were on May 15, the second on July 25, and the third and last on November 5. By the time of the last collection, several groups of trees (-Ca, -P, -N) had dropped all of their leaves, and therefore no analyses are reported for leaves of these groups, and for this date.
In most respects, the second year analyses (tables I, II; figs. 1, 2) agree with the analyses of the leaves taken at the close of the 1929 season. Leaves from -K cultures were consistently high (on dry-weight basis) in N and P205 throughout the entire season of 1930. These leaves were about 30 per cent. above normal in CaO and MgO, but showed only 31 per cent. of normal K20 on November 5.
The CaO content of leaves starved for calcium started at 51 per cent. of normal (on May 15), and fell to 38.6 per cent. normal by July 25. They were low in N and in ash, and high in MgO and K2O throughout the season.
Leaves starved for magnesium showed a MgO content of 0.08 per cent.
(24.5 per cent. of normal) on May 15, the MgO content remaining almost constant throughout the season. These leaves were extremely low in CaO; even lower than the CaO content of -Ca leaves on July 25, etc. The N content was very high throughout the season, being 3.85 per cent. of the dry weight on November 5 (which figure represents N in a third cycle of young leaves, the only foliage these trees had at the time). P205 and ash content were also above normal; K20 content fell off sharply from the early season to November '-4~~~~~~0 PLANT PHYSIOLOGY "Complete" (AZ) leaves showed 3.4 per cent. N at the first collection; 2.53 per cent. on July 25; and 2.04 per cent. on November 5. These leaves appeared to be below normal in K2O throughout the season, although K was always present in the culture solution. They were slightly low in CaO content; otherwise the analyses checked fairly well with well-grown orchard leaves of similar trees.
The maximum (in percentage based on the minimum as = 100) content of particular elements, on a dry-weight basis produced by starvation methods in these leaves, was: Inorganic composition of bark, wood, and root at end of two years' starvation After the eighty French prune trees of the starvation experiment had completed two years of growth in culture solutions, the trees were harvested, washed, weighed, and separated into six divisions: young (one and twoyear) roots; main (three-year) roots; trunk (three-year) wood; trunk bark; young (one and two-year) branch wood; and young branch bark. All tissues were dried, ground, and analyzed for N, Mg, Ca, P, K, and Fe. Nitrogen was obtained by the Kjeldahl method, potassium by the platinic chloride (gravimetric), calcium by the volumetric (KMnO4 titration), magnesium by precipitation with ammonium phosphate, phosphorus by the Deniges colorimetric, and iron by the thiocyanate method.
The five trees taken from the group at the start of the experiment were separated into three divisions: trunk bark, trunk wood, and root, the last corresponding to the main root section of the starved trees harvested two years later.
In the original tree tissue (at the start of the experiment) the ash content of the top trunk bark was 6.36 per cent. of the dry weight; the ash content of the wood was 0.8 per cent.; and in the root (bark plus wood) it was 2.0 per cent. The roots were very high in phosphorus; the calcium and potassium contents were about equal; and most of the iron stored in the tree was in the root. The "original" trees, then, were moderately well stocked with the more common elements necessary for growth. Table IIIA gives the results on the basis of dry-weight yield for the entire tree. Inorganic composition of trees, taking whole tree as a unit It is interesting to note that the Mg-starved trees were lowest of the series in dry-weight yield, but ranked fourth in total ash per tree, and sixth in total nitrogen. Mg-starved tissues throughout the tree were found to be high in ash content (the highest of any group of trees).
Trees starved for potassium showed (tables IV-IX; figs. [3] [4] [5] [6] [7] [8] [9] [10] Trees in the minus-Ca group had only one-half as high N (on per cent. dry weight) as had the complete-solution trees. -P205 was slightly low, ash was very low, CaO was 60 per cent. of the check (or normal), MgO was slightly above normal, and K) was about 16 per cent. above normal. The N content of -P trees was only 61 per cent. normal, P20s was 36 per cent. normal, ash was normal, CaO was 40 per cent. above normal, and MgO and 120 were both somewhat lower than in the complete-solution trees.
Minus-S trees showed the highest N content of any trees in the experiment, being 14 per cent. above normal; P205 was slightly above normal, as was also ash content, CaO, and MgO; K20 was about 11 per cent. below normal. Distribution of mineral elements within the trees As to the mineral composition of various parts of the trees of each group in the experiment, it appears (table X) that elemental starvation in these fruit trees caused considerable redistribution of mineral elements within the various organs of the tree.
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-h. Minus-calcium group.-The entire trees were low in N. Ieaves showed only 35 per cent. of normal Ca eontent. Wood and main roots had abundant Ca, apparently immobile. Young bark showed a Ca content which was 21 per cent. of normal, apparently being the most severely Ca-starved tissue of the tree. Trunk wood was low in Fe.
Minus-magnesium group.-The leaves were high in N, the lower part of the tree being low in N; leaves were low in Ca, the rest of the tree being in Ca. The main root portion was severely starved for P, with only 26 per cent. normal content; trunk bark had 27 per cent. normal P, and leaf tissue 28 per cent.
Minus-sulphur group.-The young wood and leaves (July 25) were rather low in N, but the rest of the tree was very high in this element. The entire tree, except the young roots, was low in P. The upper parts of the trees were high in ash. Ca was high throughout the entire tree. Leaf tissue contained only about 15 It should be noted that the N content of the main root of these trees fell to the same level as in the main root of -N trees; but the young roots of the latter showed far more drastic N starvation than did young roots of distilled-water trees.
As to the complete-solution trees, it is to be noted that 45 per cent. of the dry weight of the tree was in the root at the close of the experiment (see fig. 11 ). With the exception of CaO, the bulk of the mineral total was in the root (leaves not being included CaO " it it 53.9 "g " " " 1O"" 55.2 " " " " K20"" " -P trees. If all groups had been given equal amounts of iron, probably its total absorption by -K, -Mg, or -S trees would have been well below that by complete-solution trees. All tissues analyzed for iron were washed in weak HCl at the time of harvesting the trees. In spite of this treatment, the small roots apparently retained large amounts of iron as impurity on the surface of the rootlets. The other tissues of the trees were washed very nearly free of iron contamination.
About Elemental starvation was more effective in altering the pH of leaf sap than were changes in the pH of the culture solution itself. (Trees growing in solutions at pH 4 to pH 10 had leaves giving -expressed sap of nearly identical pH.) At the same time (May 15) all leaves showed absence of nitrate ion, in appreciable quantity (by di-phenylamine test), except that low magnesium leaves, which though entirely green, showed at least 10-20 p.p.m. of nitrate in fresh tissue.
As to the general problems of fruit-tree nutrition and long continued growth of trees in water-culture medium, we still have much to learn before we can duplicate normal tree growth in fertile soil out-of-doors. Certainly aerated solutions are essential for fruit-tree culture work. LINGSTON has shown their desirability even for cultures of the comparatively smaller rooted annual plants. Also for maximum fruit-tree growth in water cultures an AZ type of solution will be necessary. HAAs (3) has recently reported that boron particularly is essential for normal growth of citrus seedlings. He described the symptoms produced on such trees by the absence of boron; for example, splitting and corking of the main veins of the leaves, together with other effects.
Much work has been done in the past in starving annual plants for one element at a time. A very interesting and little-known field lies open, in the study of starvation for two elements at a time, or the study of balance between various ions. Already work has shown that a low-potassium plant also requires a low nitrogen supply in order to develop to full maturity and fruiting. In the writer's own experience, wheat plants low in both iron and sulphur developed to full maturity very quickly, heading out in normal fashion, but on short straw, even though the plants were always partially chlorotic. Plants low in both magnesium and iron offer interesting cases 2. Mg starvation resulted not only in a low percentage of Mg in the leaves, but a Ca content actually lower than that found in -Ca leaves. Lack of Mg also resulted in high N and P in the leaves, very low N and P in the trunk wood, and very high ash content throughout the tree, except in leaf tissue.
3. Ca starvation resulted in both low N and low ash throughout the tree, except in the wood. Ca stored in the original trunk wood at the beginning of the experiment apparently remained there. The main root portion at the close of the experiment still showed abundant calcium, although leaf tissue had shown only 35 per cent. of normal calcium content.
4. K starvation resulted in leaf tissue high in N, P, Ca, Mg, and low in ash. Entire trunk parts and roots were low in N. 5 . N starvation resulted in a low ash content except in the wood and very low N throughout. The young wood was peculiarly high in Ca and Mg, and normal in K and P. Young roots were low in Ca and Mg, and high in K. Main roots were extremely low in N (equal to 17 per cent. of normal), low in Mg and P, and high in Ca.
6. P starvation resulted in leaf tissue high in ash and N, extremely high in Mg and Fe, low in Ca, and P205 equal to 28 per cent. of normal. All the other parts were decidedly low in N. The roots and trunk were low in Mg.
7. S starvation resulted in leaf tissue low in N and in ash, and a SO3 content equal to 15 per cent. of normal. The young wood was also low in N, but the rest of the tree was high in N, the average N content of the tree being 1.65 per cent. (dry weight basis), the highest of any group. Sulphur starvation decreased potassium absorption and increased absorption of Ca and Mg.
8. Trees grown in distilled water for two years had, at the conclusion of the experiment, a tree average of 30 per cent. normal N (on percentage of dry weight); 60 per cent. normal K20; 71 per cent. normal CaO; 70 per cent. normal P2O5; and 54 per cent. normal Fe2O3. The final dry weight was 28 per cent. that of complete-solution trees of the same age.
9. As regards iron distribution in French prune trees grown in water culture, excessive amounts of iron occurred in young wood and in root portions of -K, -K + Na, -Mg, and -S trees. The iron content of the bark was excessive only in cases of P and Ca starvation, in which cases the iron in the young wood and main roots was proportionately very low.
10. It appeared possible that potassium starvation for one year might be more detrimental to subsequent growth and absorption than a like period of total starvation.
11. Trees placed in distilled water finally made far better growth of top and root than did like trees placed in a nutrient solution containing all the usual elements except calcium. Trees placed in a simple solution of calcium
